Abstract. There are currently no frameworks developed specifically for assessing community-based dengue control project sustainability. We first review the literature for frameworks for assessing project sustainability and second validate the framework criteria against the oldest community-based intervention using Mesocyclops in Xuan Phong commune, Nam Dinh province, north Vietnam, the subject of an intervention in 1998-2000. The framework used 13 criteria, clustered into three categories: 1) maintenance of health benefits from the original project, 2) continued delivery of community activities, and 3) human resource development. To provide consistency between criteria and to allow comparison both over time and with non-intervention communes, a five-point scale for each criterion was used, with the overall sustainability score calculated as the mean of all criteria. The framework offers a practical tool for assessing sustainability, and is amenable to adaptation for specific interventions without compromising the framework as a whole.
INTRODUCTION
Attention to the sustainability of health intervention projects has been increasing in recent years, but little consensus has been reached on conceptual and operational definitions for sustainability. 1, 2 This paper has adopted an operational definition of sustainability as referring to the continuation of programs when the financial, organizational, and technical support of external donors/organizations has ceased. 3 A published evaluation 4 on community-based dengue control (CBDC) programs until March 2005 highlighted that, of 1,091 papers potentially eligible for inclusion and of 11 papers reviewed in detail, no study assessed program sustainability. Since then, one evaluation has been published for a program at Santiago de Cuba, 5 but the methodology did not facilitate a quantitative rating that could be compared with other programs. Whereas it is important to evaluate the technical efficacy of dengue control on the basis of Aedes aegypti numbers and transmission, the question of sustainability refers to whether community-based activities have been ingrained into social fabric. Thus, the lack of information on project sustainability and tools for practical assessment have been marked for special attention, 4 as donors usually seek to confer longterm benefit within the community development context.
Our framework uses a five-point scale 6 for each of 13 criteria, leading to a five interval sustainability score for assessing sustainability or lack thereof. This methodology was validated by two independent investigators against a CBDC project using Mesocyclops in northern Vietnam, 7 years after project completion. Our sustainability score provides a quantitative rating for longitudinal comparison within project localities and/or comparison with similar projects elsewhere.
MATERIALS AND METHODS
Literature review and framework development. Drs. Hanh and Quy were asked to review published frameworks for assessing project sustainability, using the Ovid Medline database to search for relevant articles, and also to follow up references in the articles identified. Search terms included the following: project sustain$, program sustain$, sustain$ assessment, sustain$ evaluation, dengue project evaluation$, dengue control sustain$, dengue and Mesocyclops , community-based dengue.
(note: some search terms have been truncated, such as sustain$, to allow the database to search for all words starting with these terms).
From articles retrieved, an initial framework applicable to CBDC projects was considered more specifically in relation to the 1998-2000 community-based dengue control program 7 in Nam Dinh province, because this was thought to provide the most stringent test. Although in 2005 8 we knew there had been local expansion from the original project communes, we did not know the efficacy of control and the extent of community activity at the time of this study.
To fully understand the elements of the project, Drs. Hanh and Quy evaluated existing project reports and conducted semi-structured interviews with some of those personnel involved in the original project. After this, a framework was devised that incorporated some previously published criteria, coupled with some new ones specific to the above project. For the comparison of data between two periods or two communes during the same period, variables were compared as proportions by χ 2 test. Where appropriate, 95% confidence intervals (CIs) were also estimated to define significant differences.
Field validation. We tested the framework against a project commune that was part of community-based dengue vector control activities from 1998 to 2000 7, 8 : Xuan Phong in Xuan Truong District of Nam Dinh Province, Vietnam (20°16' N, 106°20' E). The commune has 10,100 residents in 2,550 households and was selected because Ae. aegypti mosquitoes were reported as eradicated in March 2000. During the period 1998-2007, any vector control activities had been at a communal level, with occasional inputs by the district and provincial health centers and an annual monitoring visit by national staff only in the first year of operation.
The evaluation of March 2000 provided a benchmark for activity and outcomes against which sustainability could be measured. Criteria were compared also with those for Lien Minh commune in Vu Ban district, Nam Dinh Province, with 9,536 inhabitants and 2,464 households. Lien Minh became part of the National Dengue Control Program (NDCP) in March 2006 but was subject to an environmental clean-up campaign starting in 1998. NDCP communes were considered to be the most appropriate control comparison because some data existed for these in comparison to those where no activity occurred at all. This lateral comparison provided for external factors that may have influenced behaviors or outcomes and sometimes acted as a benchmark from which to score criteria.
Qualitative study. Semi-structured in-depth interviews ( N = 13) were conducted with project managers and officers from commune to international level who were involved in the original project. Four focus group discussions were conducted at Xuan Phong and Lien Minh, two each with six to eight village health workers (collaborators), and two each with six to eight household representatives. These aimed to uncover the factors that led the community to become involved in the project and to maintain their involvement across an extended period of time (i.e., the driving force behind provincial, district, and community motivation). The risk perception of the program officers, health staff, and the community on dengue fever (DF) and dengue hemorrhagic fever (DHF), the community's acceptance level, and the level of coordination among stakeholders were tested as potential predictors of project sustainability. Furthermore, any challenges associated with transferring the project activities to the community, changing program delivery from an experimental context controlled by researchers with adequate financial support to local program delivery controlled by community, and any sustaining long-term effects of the original intervention were studied.
Based on our framework proposed for assessing sustainability, themes and issues for in-depth interviews and focus group discussions were identified. Guiding questions were used in an open-ended manner, which allowed participants to express their opinions, experiences, and perceptions in their own way, which enhanced live discussions among participants. Interviews and focus group discussions were conducted at a convenient time and place for participants. In-depth interviews were conducted at participants' offices, whereas focus groups were undertaken at a commune health center meeting room. In-depth interview and focus group discussion lasted < 1 hour and were tape recorded with the participants' consent. The research team for focus group discussions consisted of one researcher being the moderator and the other being the assistant who helped with note taking and tape recording.
Entomologic and knowledge, attitude, and practice surveys. Monthly collaborator records were analyzed regarding the extent of collaborator coverage, Aedes ( Stegomyia ) , and large cyclopoid presence. Records of quarterly entomologic surveys of 100 randomly selected households by communal, district and provincial health staff were analyzed from October 2005. To verify findings in March 2007, a 1 in 20 random sample involving ~100 households per commune was surveyed for Aedes vectors and Mesocyclops spp. to establish presence or absence of immatures and adults and immature pro-ductivity and to identify key containers for breeding. The five-sweep net sampling method using a 20-cm-diameter and 33-cm-deep net of 100-µm mesh was applied to determine Mesocyclops and the total standing crop of third (III) and fourth (IV) larval instars and pupae. 9 In addition, battery-powered aspirators (Hauscherr's Machine Works, Toms River, NJ) were also used to collect adult mosquitoes resting indoors on clothes, walls, and under beds of the house for 15 minutes.
At households where the entomologic survey was undertaken, a knowledge, attitude, and practice (KAP) questionnaire was administered to householders ≥ 18 years of age to assess whether their stated behavior on DF/DHF control matched their actual practices. Negative and positive responses for each question were analyzed by χ 2 analysis of proportions to see whether there were any statistically significant differences among study communes in 2007 and between two time periods (i.e., in 1999 and 2007) in the project commune. CIs were estimated for the proportions of respondents with yes/ correct answer for each KAP question.
Clinical data. Data on suspected local cases of DF/DHF were gathered from communal health center, district, provincial, and national records. This was necessary because patients may go straight to a provincial or central hospital because of a perception of better health care at the higher level. Only 5% of these were subjected to serologic confirmation by the National Institute of Hygiene and Epidemiology.
Methods used in this project were approved by the Ethics Committee, School of Population Health, University of Queensland (Ethics Approval QH051206), and received written approval from the collaborating institutions. Before conducting data collection, information sheets of the study were given to the participants, and signed consent was obtained from each participant.
RESULTS
Literature review of sustainability frameworks. Using the Ovid Medline database to search for relevant articles and follow up references in the articles identified, we retrieved 68 relevant publications. Only five included frameworks for assessing project sustainability.
1,2,5,6,10 Two of these 2, 10 were not applicable for assessing CBDC projects because they only addressed routinization of processes 2 and the level of institutionalization of dengue control activities by organizations. 10 Two frameworks 1, 6 were partly applicable as follows. A framework by Shediac-Rizkallah and Bone.
1 This framework included three key categories of criteria to be used in assessing the sustainability of health intervention programs: 1) maintaining the health benefits achieved through the initial project; 2) continuing program activities within an organizational structure (level of institutionalization); and 3) long-term capacity building in the recipient community. This study provided a conceptual approach to sustainability planning, with three corresponding operational measures and examples of planning objectives but without proposing a set of specific criteria for practical assessments. This framework was applied to assess the sustainability of community-based dengue control in Santiago de Cuba. 5 However, the descriptive results of this intervention did not allow comparison of its sustainability level with that of similar projects.
A framework by Bamberger and Cheema. 6 Four groups of criteria were used to assess the sustainability of social development projects, combining 20 quantitative and qualitative aspects of project performance. A five-point rating scale (1 = very poor, 2 = poor, 3 = average, 4 = good, and 5 = very good) was also used to rate the degree of sustainability based on each of 20 criteria. The maximum score for a project using this ''Sustainability Index." was 100 (5 points/criterion × 20 criteria = 100 points). Thus, with this framework, the sustainability level of projects/programs could be quantitatively assessed. However, this framework was developed for assessing social development projects and not all of the 20 criteria were relevant to CBDC projects.
A proposed framework for assessing project sustainability. We developed a composite framework from Shediac-Rizkallah and Bone 1 and Bamberger and Cheema, 6 taking into account the characteristics of the project 7, 8 ( Table 1 ). This framework includes three broad indicator groups that were similar to those of Shediac-Rizkallah and Bone, 1 but uses 13 specific criteria, some of which were developed from Bamberger and Cheema 6 but using a quantifiable scale. A composite sustainability score for the project was generated by scoring these 13 criteria, each on a five-point scale.
The challenge of developing a scale that was both quantifiable and applicable to all criteria was resolved by using increments directly linked to our definition of sustainability. Each referred to change relative to the final period of operation of the project (year 2000) or by comparison with a non-intervention commune (control).
Each criterion received the maximum five points when activities or outcomes were as good as, if not better than, during the project period. Four points were given when the aspect of project sustainability was not as good as during the project period but better than that of the non-intervention commune in the same district/province. A rating of three points was scored for criteria that were not as good as during the project period but equal to the non-intervention commune. A score of two points was given to outputs that were worse than that during the project implementation and also worse than the control commune. One point was scored if there had been substantial deterioration or cessation compared with during the project period and other non-project areas. Scores were compared statistically to define differences.
To standardize ratings to ensure comparability with other projects with different numbers of criteria, the overall sustainability scores were converted to mean value scores out of five by dividing the total score by the number of criteria. To rate the overall sustainability level of projects, we developed a standard five-interval sustainability score, rating the overall sustainability level against five intervals: (1.0 to < 1.5 = regressive, 1.5 to < 2.5 = not sustained, 2.5 to < 3.5 = moderately sustained, 3.5 to < 4.5 = well sustained, and 4.5-5.0 = highly sustained). This system provides for two levels of project regression and for three levels of sustainability, with the cut-off being a 50% average score (i.e., 2.5 of 5). The most common containers serving as potential habitats in the three study communes were box tanks > 500 L (56.8%) and wells (22.5%), which were not discardable.
KAP of householders on dengue control is maintained or improved (Criterion A.4.). The KAP survey in March 2007
showed that 98.0% (95% CI, 93.0-99.8%) respondents in Xuan Phong had heard of DF/DHF, but only 50% of them (95% CI, 39.7-60.3%) could identify three symptoms of the disease. This was significantly lower than the results from the KAP survey in 1999 (c 2 = 20.78, df = 1, P < 0.001). Other KAP responses were similar or better than those at the end of the project implementation phase; 81.9% of respondents (95% CI, 72.6-89.1%) correctly answered that DF is transmitted by striped mosquitoes, i.e., Aedes ( Stegomyia ) mosquitoes; 83.1% (95% CI, 72.9-90.7%) knew that dengue mosquitoes bite during the day, and 79.2% (95% CI, 68.5-87.6%) reported that these mosquitoes rested indoors. The results of the 1999 KAP survey were 84.2%, 71.6%, and 68.1%, respectively.
The results from independent assessments of two researchers (Hanh and Quy) on the maintenance of health benefits were in agreement at 19 of 20, indicating high retention of important information ( Table 2 ) .
Continued activities of collaborators on dengue control (Criterion B.1.).
Data from KAP surveys showed that 76.6% and 59% (95% CI, 49.4-68.6%) of households in Xuan Phong received monthly visits by collaborators in December 1999 and March 2007, respectively. This reduction was significant ( P < 0.001). Focus group discussion with collaborators also showed that assigned tasks were done less frequently.
Nevertheless, their activities were still more frequent than those of collaborators in the control commune (Lien Minh), where only 24.3% (95% CI, 16.2-32.4%) of households received monthly visits.
Continued inoculation of Mesocyclops in large water containers (Criterion B.2.).
In March 2007, 76.2% of respondents in Xuan Phong (95% CI, 65.7-84.8%) reported using Mesocyclops as a biological control of Ae. aegypti, which was slightly lower than that in December 1999 (82.6%). However, the reduction was not significantly different ( P = 0.12). The survey in March 2007 showed that 80.3% of large water containers in Xuan Phong were positive with Mesocyclops , which was slightly lower than that during March 2000 (83.2%) but higher than that of the national dengue control commune, Lien Minh (24. 8%).
Continued elimination of Aedes breeding sites (Criterion B.3.).
Ninety-four percent of respondents in Xuan Phong were currently collecting discarded items (solid waste) regularly to eliminate some Ae. aegypti breeding habitats. At Xuan Phong, 74.5% of interviewees knew that removal of discards also reduced Aedes habitats, whereas at Lien Minh, only 25% understood this relationship. According to the data reported at Xuan Phong Commune Health Center, ~49,000 kg of discards was collected and appropriately Continued functioning of reporting system (Criterion B.5.). A reporting system was regulated by the Communal Project Management Committee, aiming at a close supervision of health worker and collaborator activities and taking action when urgent issues arose. In March 2007, the Committee at Xuan Phong still maintained monthly meetings for health staff and 18 collaborators, each servicing 141 households. From the focus group discussion, collaborators recorded the results of monthly activities in a record book, reported these at the meetings, and contributed suggestions for better project management. In return, feedback from the project leadership was given at the end of the meetings. Sometimes, unexpected visits by the project management committee were paid to villages when necessary. If there were some cases needing attention, recommendations were made on site. At Lien Minh, although meetings were also monthly, they served multiple purposes.
The results from independent assessment of two field researchers on Group B criteria (Table 3) indicated one disparity in the ratings, resulting in total scores for five criteria of 20 and 21 of 25 (average, 20.5 of 25).
Human resource development for dengue control (Criterion C1.). Adequate training activities were organized for health staff and 18 collaborators in Xuan Phong. As a result, they were able to implement various activities for DF/DHF control, including identification of Aedes larvae and large cyclopoid copepods in containers, health education, identifying problems of householders, house inspection in relation to DF control activities, etc. Since April 1998, collaborators have continuously practiced their entomologic survey skills, problem solving skills, reporting skills, data collection skills, communication skills, and planning skills through various activities (including monthly household visits, organizing community clean-up campaigns, assisting entomologic surveys, and reporting their activities at monthly meetings). At Lien Minh, training was done annually.
Maintaining budget allocated for dengue control (Criterion C2.). When the funding of the original project ceased, a small project fund of 70 million VND (US$4,666) was allocated within the donor budget. This micro-enterprise fund was invested from April 2001 and created monthly interest of ~490,000 VND (or US$30). Approximately 72% of this amount ensured a monthly allowance of VND 20,000 for each collaborator; with the balance for other DF control activities such as communication, health education, and school activities. Other resources were also maintained from 2000 to 2007 in the form of free input from national, provincial, district, and community sources.
Maintaining diverse, inclusive citizen participation in dengue control (Criterion C3.) . In-depth interviews and focus group discussions indicated maintenance of active participation of health workers, collaborators, school teachers and pupils, men and women, children and adults, and Women's Union and Youth Union members. The activities were less frequent that those during the project period but were better than those at Lien Minh.
Maintaining strong leadership base for dengue control (Criterion C4.). Traditionally, commune health centers in Vietnam are responsible for making decisions related to health issues in local areas. In this project, management committees were formed at different levels. In Xuan Phong, the head of commune health center, vice chairman of the commune People's Committee, and the head of a primary school provided strong leadership for the project and maintained this after project cessation. Thus, the project has brought new people into the decision-making process and created opportunities for these people to receive skills and practice leadership through training, regular meetings, and a reward system.
The independent assessments of two field researchers ( Table 4 ) were in agreement, and the total average score for these four criteria was 18 of 20.
The sustainability score of the three groups of 13 criteria for the CBDC Project in Xuan Phong given by the first researcher was (19 + 20 + 18)/13 = 4.38. The score given by the second researcher was (19 + 21 + 18)/13 = 4.46, giving a mean score of 4.42 of 5.0. Based on the proposed five-interval sustainability score, it was concluded that the CBDC Project using Mesocyclops at Xuan Phong was "well sustained" from project completion in March 2000 until March 2007.
DISCUSSION
Various studies 11, 12 have indicated that sustaining the longterm benefits of successful interventions involves change at individual, organizational, and institutional levels as innovations and effective approaches were diffused into various parts of the community system. Factors shown to enhance uptake included an appropriate and modifiable project design; building and maintenance of technical capacity among health personnel; strong community involvement; political support; adequate financing; and management and leadership capacity. 13 For central America and Africa, 14 key factors for sustainability in health intervention projects were listed as 1) demonstrated effectiveness in reaching clearly defined goals and objectives; 2) fully integrated activities into established administrative structures; 3) significant levels of funding from national sources (budgetary and cost-recovery) during the life of the project; 4) negotiated project design with a mutually respectful process of give and take; and 5) inclusion of a strong training component. We would agree with these principles, except with respect to the relative role of national financing. Projects for which communities take responsibility for subsequent costs are more likely to assume ownership and achieve niche saturation. With respect to the Swiss Development Cooperation study, 3 ecological soundness would seem to be a factor omitted from the above, but perhaps a high rate of community acceptance could imply this.
We concluded that, for an evaluation of actual progress after project cessation, a set of definable criteria of equal value was needed to facilitate a scoring process. Thus, we used an arithmetic mean for our ordinal data rather than by smoothing out the effect of a possible poor score for any given criterion by logarithmic means. Equality of criteria would be unnecessary for evaluating the underlying motivation for such action. For example, projects can become sustainable simply because the methodology becomes law. This, therefore, implies that a weighting system should be applied to defining community motivation, in contrast to development of a tangible and relevant set of criteria to decide whether a course of action has been sustained or not.
Of the 13 criteria used in this study to assess project sustainability, the first nine criteria could be readily measured both quantitatively and qualitatively. The last four criteria of the category "long-term capacity building in the recipient community" could also be quantified by scoring criteria for sustainability from annual human resource and budget statements, but that was considered to be more intrusive. Criteria were scored against data from the 1998-2000 study, and where applicable, against the non-project control commune, allowing for confirmation that activities had not only been maintained over time, but the interventions had remained beneficial compared with the non-intervention commune.
Although the scale is quantifiable, ratings are based in some cases on qualitative data, and the rating system is strengthened if there is a degree of uniformity in application by different researchers. When validating this model at Xuan Phong, we found that both researchers achieved reasonable concurrence in their ratings.
We agree with the recommendation that sustainability assessments should be done at least 3-5 years 6 after project cessation, because this may provide sufficient time postproject to allow for maintenance or degradation of any health benefits, an institutionalization process, and for subsequent capacity building and niche saturation. We prefer a 5-year time scale for assessment of the degree of project sustainability, defined 15 as the percentage of project initiated goods and services that is still maintained 5 years past the withdrawal of donor resources, the continuation of project stimulated local actions, and the generation of successor services and initiatives as a result of project-built local capacity.
Our 13 criteria and the five-interval sustainability score offer a quantifiable tool to assess and compare the sustainability of a project at different points of time or to compare the sustainability of a number of similar projects. Some of these criteria are common to other vector control programs, but other criteria can easily be added or substituted to conform to the five-point scale, 6 according to the type of project or intervention.
There is now an opportunity to apply this sustainability framework more broadly to assess the long-term contributions of population based project activities to dengue or other vector control projects. Because criteria can be added, deleted, or substituted generally and fitted into this five-point framework, we suggest that it could become the standard for evaluating the long-term effect of donor programs, whether external or government.
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